Background: Return to sport (RTS) after meniscectomy is an important metric for young, active patients. However, the impact of the duration from surgery to RTS on clinical outcomes is not fully understood and is not reflected in outcome scores.
activities. 7 This suggests that participation in sports is a priority for many patients. Within orthopaedic surgery, preoperative functional outcomes have been shown to be important predictors of postoperative outcomes after hip arthroplasty, 3 shoulder arthroplasty, 37 femoroacetabular impingement, 25 and ACL reconstruction. 24 However, the use of PROMs to predict the likelihood of RTS after meniscectomy has yet to be elucidated. Identifying threshold values of functional outcome scores that are predictive of RTS can assist with patient education to promote realistic expectations.
Outcome reporting is highly variable because it is dependent on subjective PROMs, such as the Knee injury and Osteoarthritis Outcome Score (KOOS) and International Knee Documentation Committee (IKDC) questionnaire. 19, 35 Statistically significant differences in PROMs are commonly reported; however, this may not equate to clinically meaningful improvements. Additionally, PROMs may exhibit a ceiling effect in which they may be unable to detect further functional improvements. 12, 30 Therefore, an emphasis should be placed on clinically significant improvements. 27, 35 The minimal clinically important difference (MCID), substantial clinical benefit (SCB), and patient acceptable symptom state (PASS) have been developed as measurement tools to determine clinically meaningful differences in PROMs. [23] [24] [25] [26] Additionally, the 12-Item Short Form Health Survey, a general healthrelated questionnaire, has been used to assess patients' mental and physical quality of life. 26 When implemented together, both disease-specific and general health surveys provide a holistic assessment of a patient's well-being in response to an intervention. 24 PROMs are used to track the clinical progress of patients after meniscectomy; however, no study has established whether these outcome measures have any relation to RTS.
The purpose of this investigation was to identify a timeline of RTS after isolated meniscectomy with respect to various levels of activity intensity and to determine if outcome measures were predictive of RTS. We hypothesized that knee-specific PROMs have threshold values that are predictive of RTS after meniscectomy.
METHODS

Demographics
From 2016 to 2017, a total of 436 patients aged 18 years at the time of surgery underwent meniscectomy by 1 of 3 fellowship-trained sports physicians (B.J.C., B.F., and N.N.V.) at our institution. Patients undergoing a secondary procedure on the ipsilateral knee (n ¼ 4), concomitant ligamentous repair (n ¼ 90), or concomitant osteotomy (n ¼ 10) were excluded from this investigation. Thus, there were 332 patients who underwent meniscectomy with or without concomitant chondroplasty or plica excision over the course of the study period. Patients who underwent concomitant chondroplasty were included in this investigation. 4 Of this patient cohort, a total of 108 patients had documented preoperative sport information in their medical record. In comparison with patients who did not have RTS information available (n ¼ 224), there was a statistical difference with regard to age and workers' compensation status (P < .001 and P ¼ .02, respectively) ( Table 1) . Baseline KOOS-Physical Function short form (KOOS-PS) scores were significantly different between both groups (P ¼ .03); however, baseline IKDC, KOOSSymptoms, KOOS-Joint Replacement, KOOS-Pain, KOOS-Activities of Daily Living, KOOS-Sports, and KOOS-Quality of Life scores were not significantly different (P > .05). The mean age of patients with sport data within their record was 51.0 ± 11.1 years (range, 18-68 years), with 80.6% of patients being older than 40 years at the time of surgery.
To assess RTS after meniscectomy, the patient group with documented preoperative sport information was further filtered. Patients were included if they were aged 18 years at the time of surgery, were participating in a sport within 6 months before operative management, and had completed PROMs at the time of surgery as well as at 6 months postoperatively. Patients were excluded if they were younger than 18 years at the time of surgery, were not participating in a sport within 6 months before surgery, and did not complete PROMs at the time of surgery or at 6 months postoperatively. Patients were also excluded if RTS information was not obtainable, they underwent a secondary procedure on the ipsilateral knee, or they underwent concomitant ligamentous repair or osteotomy. After inclusion and exclusion criteria, 94 patients were included for a further analysis (Figure 1 ).
Data Collection
Preoperative PROMs were completed on the day of surgery. Questionnaires were completed in a time-sensitive manner at the 6-month postoperative time point to prevent the heterogeneity of patient outcomes being recorded before or after this time point. All PROM scores were collected and retrieved electronically using a data collection service (Outcomes Based Electronic Research Database; Universal Research Solutions). Patients were contacted via email every 5 days for 1 month, and the survey expired after this interval.
Medical records were then reviewed for duration of symptoms, surgical history, and complications or imposed restrictions in the postoperative period. Preoperative and postoperative sports as well as the duration to RTS were recorded. Patient-reported activities were stratified into low-, medium-, and high-intensity lower extremity demands (Table 2) . 8, 9 If patients participated in multiple sports, they were categorized based on the highest demand activity. The duration of symptoms and time to return to previous activity were measured in weeks. Baseline characteristics, such as PROM scores, age, sex, body mass index (BMI), comorbidities, smoking status, workers' compensation status, and tear patterns, were also collected for a regression analysis.
Patient-Reported Outcome Measures
Patients completed knee-specific PROMs, including the IKDC questionnaire and KOOS. Patients also completed general health questionnaires, including the mental and physical components of the Veterans RAND 12-Item Health Survey (VR-12), as well as the Veterans RAND 6-Dimension. Clinical improvement was assessed through patients' ability to achieve the MCID, SCB, or PASS on PROMs. These were calculated using distribution-based and anchor-based methods. 25, 37 The MCID, SCB, and PASS were calculated with the entire cohort of patients who underwent meniscectomy with or without concomitant chondral debridement, chondroplasty, or plica excision (n ¼ 332). An area under the receiver operating characteristic (ROC) curve (AUC) analysis was performed to determine the threshold values to achieve the MCID, SCB, and PASS for each PROM. AUC values >70% were considered acceptable, and AUC values >80% were considered excellent. 24 Threshold values for the MCID, SCB, and PASS were determined using the Youden index, which maximizes the sensitivity and specificity in a given relationship (Table 3) . Calculated MCID, SCB, and PASS values were then correlated with the ability to RTS.
Statistical Analysis
Statistical analyses were performed using RStudio software version 1.0.143. The rate of RTS was analyzed for the overall population and then for each level of activity intensity. A Pearson chi-square analysis was performed to assess the differences in the rate of RTS based on the level of activity intensity. All demographic and intraoperative variables were included in a multivariate logistical regression model. From the regression analysis, an odds ratio (OR) was calculated for each variable. A nonparametric ROC curve was created for each preoperative PROM score to determine the future ability of a patient to RTS. An AUC analysis was subsequently performed to determine if this association was predictive of RTS. The chi-square test was used to determine if there was a correlation between returning to sport at full capacity and achieving the MCID, SCB, and PASS. A final analysis of each statistical test was considered significant at P < .05.
RESULTS
Operative Data
Operative data were collected and assessed for their ability to affect RTS at full capacity. Chondroplasty was performed in 12 of 94 patients (12.8%). Medial meniscal tears were present in 65 patients (69.1%), lateral tears were present in 16 patients (17.0%), and 13 patients (13.8%) had medial and lateral tears. Sixty-one patients (64.9%) suffered a traumatic meniscal tear, while 33 (35.1%) suffered degenerative tears. There were 88 patients with documented tear patterns, as presented in Table 4 . No patient returned to the operating room after the index procedure at the time of final follow-up. However, 19 patients (20.2%) received an intra-articular steroid injection after operative management by the time of final follow-up.
RTS Outcomes
After meniscectomy, 72 patients (76.6%) returned to their previous level of sport at a mean time of 8.6 ± 6.9 weeks (Table 5) . However, only 57 of those who returned to sport (79.2%) reported that they were at the same or better level of performance upon returning. There was also no statistical difference between the rate of RTS and the level of activity intensity (P ¼ .5). Patients who participated in low-intensity activities returned to sport sooner than patients who participated in high-intensity activities; however, this was not statistically significant (P ¼ .2).
Furthermore, IKDC, KOOS, VR-6D, and VR-12 physical component scores significantly increased by 6 months postoperatively (P < .001). However, the VR-12 mental component score did not improve significantly by final follow-up (P ¼ .1).
Achieving the PASS for the KOOS-PS, KOOS-Pain, and KOOS-Sports was correlated with RTS (P ¼ .004, P ¼ .007, and P ¼ .006, respectively). However, achieving the PASS for the IKDC questionnaire was not associated with the ability to RTS (P ¼ .3). Last, achieving the MCID for the KOOS-Sports, KOOS-Pain, and IKDC questionnaire was predictive of RTS (P < .001, P ¼ .03, and P ¼ .001, respectively). The relationship of achieving the MCID, SCB, and PASS to RTS stratified by level of activity intensity is provided in Table 6 . A multivariate analysis of patient demographics and operative findings revealed that increased BMI was associated with a decreased rate of RTS (OR, 0.8; P ¼ .001) and that lateral meniscal tears were associated with a decreased rate of return to previous sport activity (OR, 0.1; P ¼ .02). Workers' compensation status, concomitant chondroplasty, and oblique, discoid, or flap tear patterns were not predictive of RTS (P > .05).
Predictive Metrics of RTS
A score of 37.8 on the KOOS-PS had a specificity of 94.4% and a sensitivity of 47.3% in predicting RTS (AUC ¼ 76.3%). Within the low-intensity and medium-intensity subgroups, scores of 39.5 and 52.8 on the KOOS-PS were predictive of RTS (AUC ¼ 86.5% and 88.2%, respectively). There was no threshold value that was predictive of RTS in the high-intensity subgroup. Additional threshold preoperative values on PROMs and their predictive value toward RTS are provided in Table 7 .
DISCUSSION
In this investigation, we found that 76.6% of patients returned to their previous sport at a mean of 8.6 ± 6.9 weeks Total patients is greater than the sum of patients with activity intensity status, as there were several patients in whom activity intensity status was not provided. after isolated meniscectomy. As the level of activity intensity increased, the proportion of patients who returned to sport increased and the duration to RTS increased; however, these findings were not statistically significant. RTS was correlated with a patient's ability to achieve the PASS and MCID on several knee-specific outcome measures. With regard to achieving the SCB, the only outcome measure that correlated with RTS was KOOS-Pain.
RTS is a commonly reported outcome metric after orthopaedic procedures, as it serves as an identifiable milestone for patients. Currently, there is a dearth of evidence to suggest that collected outcome scores are predictive of RTS. In this investigation, achieving the MCID on the IKDC questionnaire as well as the KOOS-Sports and KOOSPain was correlated with RTS. This finding is in contrast to that of Nwachukwu et al, 24 who found that achieving the MCID on the IKDC questionnaire was not correlated with RTS after ACL reconstruction. In ACL reconstruction, minimal improvements may result in reduced pain or improved ability to perform activities of daily living; however, these improvements may be insufficient to allow for RTS. For isolated meniscal injuries, pain and discomfort may be the primary deterrents for patients to participate in sport. By removing the pain generator, patients are able to demonstrate sufficient improvement, as reflected by achieving the MCID, to RTS. Furthermore, achieving the SCB on the IKDC questionnaire, KOOS-Sports, and KOOS-PS was not correlated with a patient's ability to RTS. Patients who are higher functioning at the time of surgery may be unable to achieve an improvement in PROM scores that exceeds the SCB, but achieving the MCID is more attainable. However, patients with worse symptoms have a lower baseline level of function, which may be preventative of RTS. Therefore, the amount of improvement that is necessary to achieve the SCB may be unattainable. Regardless of the level of preoperative function, pain reduction may be the most important factor that dictates RTS, as minimal to significant improvements in pain were found to be correlated with RTS.
Although the MCID and SCB establish clinically relevant changes in PROMs, these changes may not reflect a patient's overall state of health or satisfaction. 39 The PASS is a robust measure of a patient's overall satisfaction and adaptation to his or her current symptom state. 39 Patient outcomes after meniscectomy are variable 13, 15, 20, 32 ; however, in this investigation, we demonstrated that RTS is correlated with achieving a satisfactory state. This finding suggests that RTS plays an important factor in achieving an acceptable symptom state after isolated meniscectomy. By identifying a timeline as well as predictors of RTS, physicians can manage patient expectations.
Patients with meniscal injuries often present with varying degrees of pain and symptoms. Thus, the degree of preoperative pain and functional impairment may be predictive of RTS. This finding demonstrates that patients with higher levels of impairment or painful symptoms are less likely to RTS. Psychosocial and sociodemographic factors have previously been shown to be determinants of pain levels in patients with knee osteoarthritis undergoing meniscectomy. 6 Additionally, patients with more severe osteoarthritis undergoing meniscectomy are at an increased risk of interventional failure and need to undergo subsequent total knee arthroplasty. 38 Patients who have significant baseline functional impairment or pain levels, as defined by their preoperative PROM scores, can be counseled that meniscectomy may only be a temporary solution that may optimize their daily function and quality of life; however, it may not allow them to RTS.
More than 50% of patients included in this investigation were older than 50 years at the time of surgery. Previous investigations have demonstrated that there is no difference in PROM scores in middle-aged patients undergoing arthroscopic partial meniscectomy versus sham surgery or physical therapy. 10, 11, 13, 16, 33 Although there is no difference in functional outcomes between patients in this age group, it is possible that PROMs impose a ceiling effect in which additional improvement may not be detected. Therefore, arthroscopic partial meniscectomy may provide sufficient pain relief to allow patients to return to work or sport earlier than conservative management. The results of this investigation demonstrate that RTS is an important component in patient satisfaction. Because satisfaction influences clinical outcomes, 36 it may be more efficacious to perform meniscectomy in active patients regardless of age instead of conservative management to improve function, activity levels, and quality of life.
Previous investigations have identified complex tears, 28 concomitant cartilaginous lesions, 28 age >30 years, 14 level of competition, 14 and lateral meniscectomy 21 as negative predictors of RTS after isolated meniscectomy. In this investigation, we identified that elevated BMI as well as lateral meniscal tears decreased the likelihood of RTS. Lateral meniscectomy has been shown to have worse clinical and radiological outcomes than medial meniscectomy. 31 Because of the convexity of the femoral condyle and tibial plateau as well as the majority of rotational movement occurring in the lateral aspect of the tibiofemoral joint, the lateral meniscus is more susceptible to injuries. 18, 22 The lateral meniscus supports approximately 70% of load transmission at the tibiofemoral joint 2 ; patients undergoing lateral meniscectomy have shown lower rates of RTS and a higher rate of complications in comparison with patients who undergo medial meniscectomy.
14,21 As a result, Aune et al 2 demonstrated that speed-position players in the National Football League were less likely to RTS after lateral meniscectomy than non-speed-position players. This may be because of the differences in athletic requirements by these positions to perform frequent directional changes and tackling, which place significant stress on the lateral meniscus. 2 Identifying surgical and demographic variables that are predictive of decreased rates of RTS is important for appropriate patient consultation and education regarding postoperative expectations.
While the data for this investigation were collected prospectively, this study was conducted in a retrospective manner, which has intrinsic limitations such as an inability to control baseline characteristics or variations in patient management across different physicians. It should be noted that the mean age of patients included in this investigation was 51.0 years; thus, the results of this investigation may lack external validity and may only be applicable to middle-aged patients. It is possible that the rate of RTS would be higher in a younger patient population that is more motivated to return to their previous activity. Younger patients could also demonstrate a lower rate and longer duration to RTS, as this population may participate in higher intensity activity. There was no information available regarding the degree of osteoarthritis, which may contribute to a patient's ability to RTS. Furthermore, there were statistical differences in the age, proportion with workers' compensation status, and several baseline PROM scores of patients with sport data recorded in their chart and those without that information, which may limit the external validity of this investigation.
This study would benefit from a longer duration of followup to capture patients' ability to maintain their level of function, as their ability to perform sport-related activities may be influenced by additional factors such as lifestyle changes, personal matters, or other socioeconomic considerations. These variables may directly affect a patient's capacity to participate in sport activities or may prevent a patient's capability to participate in rehabilitation after meniscectomy. A longer follow-up would also be beneficial, as meniscectomy has been shown to provide no improvement in outcomes in patients older than 50 years by 2-year follow-up. 16 Patients were categorized based on the level of lower extremity activity intensity. 8, 9 Pivoting sports, such as golf, are classified as low-intensity sports; however, these sports may place additional force on the meniscus, which may affect the ability of a patient to RTS. Patients with isolated medial or lateral defects as well as those with defects in both compartments were included in a single analysis. It is possible that the rate and duration to RTS may vary based on the location of the abnormality. Additionally, a larger patient population and longer follow-up would be beneficial to evaluate clinical symptoms after RTS, as pain and effusion have been reported in patients who RTS after meniscectomy. The results of this investigation are subject to nonresponse bias, as approximately two-thirds of patients did not have documented information pertaining to RTS. Because physicians at our institution typically evaluate this population of patients up to 3 months postoperatively, RTS may not have been documented by the time of final follow-up.
CONCLUSION
Approximately 77% of patients returned to sport after meniscectomy at a mean of 2 months postoperatively. The level of activity intensity did not significantly alter the rate of RTS. Higher preoperative scores on the KOOS-PS and KOOS-Pain were predictive of RTS. Identifying these factors allows physicians to counsel patients on expected outcomes after meniscectomy.
